Abstract-Game-based learning is an effective way to engage learners to learn through interactivity afforded by computing technology today. This paper presents an approach to use an interactive mobile game to teach about sustainability issues. The game is created as an interactive mobile application called "LifeTree", and it introduces a new design strategy that uses a bubble analogy throughout the theme in the game. Initial user testing has indicated that the mobile game is found to be interesting and relevant to the learning of environmental issues that challenge the world today.
INTRODUCTION
The focus to learn about sustainability has increased significantly in the last few years. Educating the public about sustainability issues is becoming a serious task particularly because of the impact of global development on our environment. To educate today's children and youth, who are widely labeled as "digital natives", because they grew up in a technology-infused environment since birth, the approach to incite learning about issues such as environmental sustainability has to be in tandem with their needs, interests and skills. In line with the growing popularity of mobile gaming today, a project was conducted to design an approach to create a mobile-based game to enable children to learn about issues related to environmental sustainability. The paper details the design and development phases of the mobile game called "LifeTree".
LifeTree is centred on a character named Neo who has a mission to protect all trees in a simulated universe designed for the game. Every stage of the game provides opportunities for players to learn how Neo protects the universe from pollution. Players would learn about natural disasters that are triggered by pollution, for instance haze, tornadoes and so forth. In the game, there are simulations of a tornado created within the game, which will demonstrate the impact of such disasters to human life. Four settings are created within the universe -countryside, urban city, outer space and rural village. Players are required to combat mutants within each setting, by reducing or eliminating causes of pollution that exist in each setting. When any level is won by a player, Neo awards the player with items which encourage healthy living, such as watering cans and seeds to grow various plants.
II. LITERATURE REVIEW
Educating users about issues related to sustainability using mobile games is a current interest in the field of computer science. Based on a review done by [4] , there are many types of games which are designed to educate users about sustainability, specifically on the environmental issues. The types include action adventure, strategy, simulation and multiplayer online games, puzzles, and augmented reality games. An armchair research on the availability of strategy games on mobile devices only recorded two games since 2012. It signals a need to explore the possibility to develop more games for learning.
In general, sustainability education through digital games is introduced in [5, 6, 7, 8 ]. An energy conservation digital pet has been introduced to promote energy conservation through various energy conservation strategies [6] . EnvKids is a project that developed to raise the awareness on environmental sustainability among primary school children. It provides the virtual experimental as well as education digital games to the children [7] . Pervasive games have been introduced to promote the sustainability knowledge through social interaction and physical interaction. In the system, player is able to take action to improve their live based on the sustainability knowledge.
They are variety of factors that need to be considered when developing a sustainability education game [5] . Some of the factors like fun, gameplay, interface, the existence of tutorial and sandbox, the immersion, the expected regression, circle of learning, feedback and control, narration rule and goal, fantasy and curiosity, challenge and mystery [5] .
We review the current works on sustainability education through digital games-based learning. It is interested to know that digital games based learning is not replacing the conventional teaching method but it is introduced to complement or enhance the existing education practice [7] . From the review, we can conclude that the development of mobile games for sustainability learning is not much address and worth to explore as reported in the following description.
III. CONTENT DESIGN
This section discusses the main character which was created for the LifeTree game. The content design of the game is also described to illustrate the development of the proposed mobile game.
The main character is called Neo, and she is the only survivor on a planet called BroinkyBroinky, and she has a mission to start a new life on Earth. She has a unique capability to float in air, with a pair of round snow hands. Neo is also outfitted with a light yellow ball which hangs above her head. She has black eyes, and she is only able to articulate her own name, "Neo nneoneeoneoo…..". Neo has a strong affection for nature, and she enjoys the forest. She is on a mission to save Planet Earth, as she was devastated that she was not able to save her own planet, BoinkyBoinky, which was completely destroyed by mutants which invaded the planet. Figure 1 shows the main character in the games, Neo.
In the game, mutants are created to depict the various environmental pollutions on Earth. Specifically, they represent air, water, soil/land, sound and industrial induced pollutions. The variety of mutants also includes smoke, sound, household waste, chemical waste, and so forth. Figure 2 depicts a range of mutants which were created for the game. All these mutants are polluting planet Earth, and destroying the environment. Each mutant is described in the game, explain what they emit and the causes for each pollution featured. The plot of the game begins with a depiction of how pollution begins, and eventually the effect of each pollution creates mutants which consequently occupy planet Earth (Figure 3 ). The mutants grew stronger over time, and began to aggressively destroy all natural resources, such as trees, food sources and rivers. Because of the powerful strengths of the mutants, Earth could not be saved by humans who inhibit it. Neo arrived on planet Earth to find a new home to live. However, upon arrival, Neo quickly saw how Earth is being destroyed and she felt obliged to embark on a mission to save planet Earth. Neo begins her mission by planting small LifeTrees, to induce energy into the land. Her first task, however, failed immediately, because a rubbish mutant found the LifeTrees, and began to destroy them. Neo witnessed the destruction, and began to launch an attack toward the rubbish mutant by firing a power bubble. After a few days, the LifeTrees grew, and each tree provided a new form of energy for planet Earth to recuperate and become stronger after the mutants' attack.
The mutants began to target Neo, and Neo used energy orbs which are stored in his spaceship to fight the mutants.
Neo has to determine his sets of power to combat the mutants. Each power source will prevent specific pollutions to occur. The power source is built on Neo's energy bubble. Anyone who wants to play the game has to learn to help Neo in handling the energy bubbles, which eventually will help eradicate pollution on planet Earth.
IV. GAMES DESIGN
The game is designed on a plot to protect LifeTrees. Every game player will assume the role of Neo, and the main mission is to protect planet Earth from being destroyed by various mutants.
The game is built to teach cause, effect and prevention. The plot to protect the LifeTrees initiates players to use decision making skills when going through the levels within the game. Players are expected to use their critical thinking skills to reason the causes and effects of each mutant, which represents a type of pollution, and make swift decisions about the solutions to prevent the same pollution to reoccur. Table 1 shows the type of pollutions depicted in the game. It also shows the causes of each pollution and possible preventions for each identified pollution. In designing the game, players are taught several skills to navigate through the game successfully. For instance, players are required to use a mute tool to block out all sounds when facing sound-related pollution. Players also learn about using filters when dealing with air-related pollution. Players are introduced to a key concept in preventing pollution, which is the 3R strategy (Reduce, Reuse and Recycle) in the game. At the same time, players also learn how important it is to nurture trees that they grow, to ensure the survival of trees and the entire ecosystem on Earth.
Type of pollution

Caused Prevention
Based on the same metaphor, the game was designed to match each mutant to one type of pollution. Each mutant is also matched to a type of energy orb which would prevent it from attacking. Figure 4 below illustrates samples of energy orbs in the game. It is the task of each player to protect LifeTrees, and players are required to use Neo's power in the provided energy orbs, to reduce the threat of mutants. The goal is to prevent all mutants from destroying LifeTrees and subsequently planet Earth.
V. INTERACTION DESIGN
The bubble concept in the game is a novelty, because players can flick, pop and manipulate each bubble to capture energy orbs throughout the game. Each bubble is able to bounce when it comes into contact with any obstacle within the game.
To play the game, each player are tasked to help Neo to create, transform and manipulate every bubble, because the bubbles represent the energy orbs which are necessary in preventing pollution to spread on planet Earth. . There are four interaction steps designed for the game. First, players are to select an energy orb. Each orb is designed to prevent mutants from destroying LifeTrees. Figure 5 .1 below illustrates a selection of orbs available for players, and each orb indicates its use in the game. Only one energy orb can be selected at any one time.
Once an orb is chosen, the players would create bubbles to catch mutants in the game. Figure 5 .2 shows how a bubble is deployed. A bubble is created when a player presses on Neo, the main character of the game (see Figure 5. 2). The bubble size expands and contracts depending on the duration of each press on each bubble. The longer the pressure, the bigger bubble would become. The size of the bubble also determines the number of catches that it is able to make.. Players are required to use a flicking motion to initiate the movements of bubbles (see Figure 5. 3). Each successful catch is rewarded a score of 1 point, and each try is limited to 5 catches only. When mutants are caught, the bubble has to be pierced to destroy the imprisoned mutant, using a finger tap motion (see Figure 5 .4). Players are also allowed to pierce more than one bubble at any one time, and a higher score will be awarded for each successful attempt. User interaction within the game ends when all mutants are exterminated. 
VI. SYSTEM GAMES INTERFACE
The engine of the game is developed using Microsoft Visual Studio. The programming language used was C#, which was useful to develop the game logic. The engine of the game was based on Microsoft XNA API. MicrosoftXNA (or XNA stands for XNA is Not an Acronym), which is a tool set designed for video game development as well as windows mobile games development. The tool enable various graphic rendering API in the software development process. Meanwhile, the game graphics was built using Adobe illustrator, Adobe Fireworks, Adobe Flash, Microsoft Expression. To draw each scene within the game, the hardware used was a gesture device. The music and sound tools used in the development of the game was Microsoft Developer & Platform Evangelism. Figure 6 shows the interface design for LifeTree. As mentioned before, a player assumes role as Neo to protect every LifeTree and prevent the destruction by mutants in the game. The interface of the game can be divided into 5 layouts. There is the arrangement of the orbs at the east side of the screen. Players are required to create various bubbles to combat mutants which attack LifeTrees in the game. A life bar on top of the screen indicates the life of the trees. A seed bar is also created on the top right hand corner of the screen, to indicate Neo's lifespan in the game.
In the game, mutants enter the screen from the left, The appearance of the mutants are randomly guised, and it also depended on the level of the game being played on the screen. The types of mutants which appear also correlate with the types of pollutions which are being addressed in the game.
Players are also given a privilege to choose "special" items from a bag, which is placed at the end of the screen. Players are allowed to use the items to assist seed cultivation, or find cures for pollution in an efficient manner. A wave bar on the screen represents a sensor for the environment on planet Earth, and it is important in providing current status about pollution levels at a particular scene or level.
VII. RECOGNITION AND EVALUATION
In sum, the Neo Tree idea was developed in one year for its concept design, and six following months on the actual game development. The game has been put in competition against four other teams from Malaysia and other countries, and it has successfully qualified for the semi-final stage of the Microsoft Imagine Cup Challenge, specifically on the Game Design (Mobile Game Design) category. It has been ranked in the top 100 of 700 teams which competed worldwide in the Microsoft Imagine Cup 2012..
A user analysis was conducted to evaluate the usefulness of the game. Data was primarily conducted using interviews with users. The instrument used was designed based on a list of criteria for digital game-based learning. Twenty volunteers participated in the study, and everyone was asked to respond to six categories of questions in a one-to-one interview. The categories for the questions include; usability, participation engagement, user satisfaction, and effectiveness of game play. Twenty participants volunteered to be involved in the brief study. The list of questions used in the user interview is displayed in Table 2 Figure 7shows participant responses which were collected during an interview session . The analysis clearly indicate that participants perceived the game to be interesting, fun, easy to navigate, accessible, and engaging. However, one respondent did report that the game's response rate was slow.,
In sum, the participants indicated that the game play was perceived to be successful, at 90% rate. They also reported that the game provided clear instructions, manageable levels of difficulty, simple navigation, and it was found to be a fun and relaxing game to play for most. A fifth of the participants indicated that they were willing to spend 1-2 hours to learn the game. One third was willing to spend up to five hours, and the 5% said they are only willing to spend one day a week to learn the game. On the other hand, 15% of the participants interviwed said they would not be interested to pursue playing the game after the study and one of the reasons given was there was no interest in the game. However, all participants responded that they were satisfied with the game play, and were willing to recommend the game to others. 95% of the respondents also ranked the game as an effective tool to present the selected topic on Environmental Sustainability, and that the contents of the game was useful to learn about protecting the environment.
VIII. DISCUSSION AND CONCLUSION
LifeTree is introduced to engage students on Environmental Sustainability. The LifeTree game has introduced a novel interactive approach to learn about sustainability, in which players are able to create and manipulate "bubbles" to progress in the game. Players learn to use decision making skills, specifically CauseEffect relationships and Preventive actions in the game. Players are prompted with various cues to help the decide on their strategies for game play, and the main mission for the game is centred to learning to create a sustainable environment on Earth. Analysis from the user study confirms the viability of LifeTree as a worthy learning source which uses mobile gaming technology to enable exciting learning experiences for interested users.
